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(54) METHOD OF MANUFACTURING SEMICONDUCTOR LASER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of W 
manufacturing a semiconductor laser by which the ^ 
manufacturing yield of the semiconductor laser can be 
improved by obtaining an optical resonator composed of a ^ 
good cleavage plane without changing the characteristics of a " 
compound semiconductor laminate by suppressing the 
occurrence of defects, such as cracking, chipping, etc., in a 
laser scribing method. 

SOLUTION: Ultrashort pulsed laser light 31 is projected upon 
a laminated substrate composed of a single-crystal oxide 
substrate 1 and the compound semiconductor laminate 10 
having a stripe-like light emitting region perpendicularly to 
the stripe of the laminate 10 from the laminate 10 side. The 
wavelength of the laser light 31 is transparent to the laminate 
10 and substrate 1. Consequently, a semiconductor laser 
element in which such defects as cracking, chipping, etc., do 
not occur and the characteristics of the laminate 10 do not 
change can be obtained by scribing 32 and 34 the incident 
plane and the plane opposite to the incident plane and 
cleaving (not shown in the figure) the planes. 
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MLX. 4>fc< fctiftrfBX K5-<^t*««:*«lf=. * 
JS/<;i/X u— LT«rlE«Jii*»«(= u—if x 
Wi*MMR*W5W-* - * * W«t *" ^*^<* u— if (D 

2 ] wehje/^ux ^—^itmmmt^m 

P>I5IB U-if X^7 5 -f * - 4: -T 1 

EU— <fx*5-f ?tt* MIBSH»^«^SP^U— if* 

* 5 -f 3ft? fc -5 c £ -T «tt*4I 1 *fc fi 2 Gtt 

f^B20)u— ifx^-r cfc^mfc-r^ 

* c 1*64 ©ivr*uW=«aM> 

immn ei urcntt/^ux u-if?t<z>Mis»Jit£s 

*^OJfc3teX#*M** MfBU~ifX^^:?;frftfcS 
ltftJSriRKcJt^rvff «r*encj£i x c fc £ **38fc-T «fil 

[»3R3S 7 1 mzM&' <;i>x u— if at © tnEttSttx 
s^a>Jfc*x/-f*y h©*jsasj*r±. iWEaJBttaftott 

*McE»<Z>¥«# U-if ommttZo 

s ] »iEtt«/<;ux u— if #a>/^i/X«i* 1 

[*8B(0Bae*»w] 

[ 6 d oT] " 

**WI±* ¥«»U-if(7>Sa 

[0 0 0 2] 



^r> KX*^-f £V->>£\ x*/^>^\ U— ifx 
5 'J >^^<7>ck5^ K7-fx^f 

«js-r^*t^fc(Dj5JStt^fij^ur. ib&m*mwmm 

xu— if*^«^3fet?fcSx^^vu--ifpfe-¥>^*^ 

MYAG U—if <D 3 3fefc6 LM* 4 ASBafc3fc£Wltt 

20 u— ifft^ffl^fcu— ifx^^-f ^a&l*. flS¥i o- 

3 2 1 9 O 8#Wa»lcH^$*L-Cl^. 
[O O O 3] £TF. Be^JBLTWWFI 0-321 
9 o 8«n«*icES$*Lfea4btt3R1bfMk¥*#a>^ 

lb**#»tt 1 O 1 A<^ja**Lfc#»ft^x/\ 1 o 0*< 

T*ffi1 0 2±lCGaN^S;M-eM^1*fcA^77l 
«$*lt^-5o N^=3>^^7 hSfcLTGa 

N. SttitLry>K- ^CDI nGaN. Pl^7^ 
30 KJBfc LtA I G a N« Pl^^^ hl^LtGa N 

tti * *tfc*»ft:«B J= tt««3W»« * £ y 

^*LTt>^> (06 (a) ) o ^W5^¥Si*Oxy\1 
0 O SX YXf-S?±lC0gES*-&So X^rf>^U— 
if*gg»*i±*^6**tt:0x/\i oo^XliMYi 

^i±^o »«**tfcJBl<DSH 03(4. 

rfW4 6 ?r¥S^HSlH^T?**"*(B' T ( b T J 7 
u— VaH»(cj:y»*S4tfc«ia)aiC=y-fS/> 
7<D?l$:%Tm 1 G)»:»oT^ ^6i± 
SS2<oaH 0 4SM4t5 (HI (c) ) o *<D&* 

^10 5^(cM*t^ (B1 (d) ) o C+blCcfcy 
50 €-##tt:^^^O^^^LL^^m^^^^- 
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[O 0 O 4] 

fcfl6*©aflS©5*U— tfx^^-f **M1= 

iift**«iaaMsifl:***aw*:*Ji«!i(=»UTTaw 
-e?Rite©S5.5;fcR-efc-s u— tf**ttJB Lx^mi^^ 

—*fife j P Y A G U— tf© 3 <fc fc -5 IMi 4 SfeSSSISafeT? fe 
^©iOSffi^gi^j&fc^lMitSn o t°3 8My.±Ofi 10 

tm©?*./ KiaT©3fta«s»-ciBc y. a 

afi*«jT?l**t*4©x*;u^— FULL©?* hi/i* 
-esses, croii^ii, u— tf3fc©*t*4A*t£® 

—^t/tomm^m-tt^^m^com&xmmit. mm 

S(*iftfei!cM<!:©M^-efcy. H&XtK^ h*1-~©i!**£ 
DU*JHB<»;SJg±#£3li*iSc:t- . d©fc#>. SI&XtK 

*feBWCfcy . iHWfrU— tf©§Jp°p*g*<S< ttSN 

Strife ofc„ 

[0005] *WHii« c©,t5ftlt*©raiS»af 
■Stwefey, L/— tfX? :?$£(::*$ If •S^y-?^ 
^t»lf>^fl!>*«©»**«l«L» Ib^fe^^Jg 30 

1#-Sdir*<-e#. U>^T(*gJ n ^©£ft±.Si±-Sc:.b© 

[0 0 0 6] 

< t*mb«i*isa**i=»LTaw«:a*©ett/<;u 40 
BS-r-Scfcai^Lfctro-efeSo ctticcfcys u— «fx* 

^ -f J; -S <? =7 v V v if ls?W<D%.m(D&±tfm 

p D n #ig £ ia±-r s c <t # -s „ 

[0 0 0 7] 

[#SiHa>SftSta>»»J 1 l=IB«©^BJ 



&< •ktMIBX ^tM<c*fiH=, '>&<<»: £itS 
-If *£BW LTfHE«JliMMEI= U— «f X*^-r 

ff iv Mis u— *f x<> 5 -f ymizfe-o xsts&mm&&m 

fey. cttlcfe y >7 ^ tf>?«<D£KM)tti\ 
x 0 v rf rTIEU: & U . £ ^ -f :?B#©'fb£-!&3± 

#tt«JI&©^i±^b*.&lNfc#>. c©x^5-f^JK(c 

z>ft&mmtf%i>4x. Mp a p^®$ifi]±-r-sctjb<Br*6ic 

[0 0 O 8] *^BJ©IS*H2(CfBm©^BJ(i s mllESi 

s/^ux u— *fmm$smittomm3>&#im& y nat£ 

*u illBfflJS/^l/XU— »fifc©AS*®<tliK*frffi-efe-5 
WSft^tti#«fl4l)l«JI«ffl^ 6OTB U— if x^7 ^ -f 
^4Ctt«lit -5^1*11 1 fBK©#*«:U— <f© 
Sit^;ii?fcy. -+tl=«fcyX'>7-i'^B#(r^filtjt-r 
^)|^Sfe7!)qb^*«tt:»MfelcW^-!t--Swi:(c«fc€) 

u— «f©#i4ffiT$i»jt-r s = t t^mizt^ t 

^■5f^ffl^*-r-S,, 

[0009] *^B^©»*3S 3 lcfEtt©^(* s SJffig 
S/'Ol'X U— tf3fe©ggSif(=«fc-SMIBU— tfX-^^-f^f 
I*. wlfBmilftSSrtai© U— lfx^^-1'^-efe^z.fc 
$#^<fct- S»^«1 *fcl*2fEm©##«:L/— tf©© 

.5S*siTjfcy. -+t(=<feyx-5'v-i'^B#iz^±-rs^ 
&©mifc£3:<-r-<t*<i^BiKfcy. ^*^©ib#^# 
#<*»)i^i^©ii#^-r -s = t iz &%*m& is—von 

ttlST ^ l»ibf ^. c t A< Rjfigic ^ s t ^ 5 f^ffl ^*-r 

[0010] *5§B^©^iS4(cfBm©^ii x frlBSS 
S/l/UX U— tf3fe©gBtt(= «fe -5MIB U— Ifx^z 7-f ^ 

^*!|g^S«^*fcl^-eX'> ^ -f ^-T 2 © U— tFX 
v-Y ^e.*-5 w i: ^4t1S!«t-rsS^ 1 *n& 3 ©l^ 
-fHA>[cfB«©##t*:U— tf©S3t*SSl?fcy. C*t(c 

* y«ji»*«©^^-r.si^©e[S^©i53J:Jti:e>u; 

[0 0 1 1 ] *f!B^©»^il5(cIB«©^(i % KriBfi 
g/UXU- tf3t©{l3t^lRl(*. fJfEU— tfX^^-frf 

1 A^b 4©t^+L*McIEK©#Stt:U— tf©Siit* 

««*a)fil±* ^l=^S©p D n mi5]±35<»f.^-5 1 U 

5^ffl^*-r-s= 

[0012] *f6w©»*3S6i=iESK©fswii s mum 

S/^uxu— 9=3fe©ffIBWMi*s«^©*3feX7te^ h 
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[0 0 13] *«WO)»*3S7(cIBKa>*BHJ±. MfBM 
[oo 1 4] *«W<Z>»*3H8lc|BKa>9£BB(4, HftfEjg 

<*u— tra>»a*at?fcy. z#uf=«feyaiiif*»«a>iH 

[0 0 15] *»BB0)*16(c^fi|co^TiaH* 

oin ic«it*aji#at«a>«a**"#-. hi (am 
y. «ijx.«-9-^T-<TS«-e&^o 2^^771, 3 

p«»h* 9(*n#j«stffcy. c*t&2**&9i::j:y 

U fljLtfGaN, AlGaN, GalnNftfOUk 
I I -V*ftdft*»f*^&«Py. ^fcpnfg^ 

[O 0 1 6] B1 (b)(*Hl (a)0)Kffi**"r*aJif* 

JHfiS, fc»»#IM**Ji* 1 0«**&*fcBT?**.. 
^(DSftfr&Sfcii^ p*iJWI8fcn«!imi9* fej: 
{;ni3>^^hl3^M, p«S«8£ nMB«9 

i4i 1 b<D*iRi<fcyafc»sHt?fc*- 

[ o 0 1 7 ] fctflMNIttWI* 1 0 <t L"C«S LfcS 

y. c*L0>cBlcSS«:SB8tt<Dft**lRir*(1 1-2 
o)ii$>£iM4(i - 1 o o)p-efo& 0 K<b*i* 

Srefe**<* awffl«tt*^*BaW«LTtv&t% 0 4b 



^fe^ftSI^ 1 OI*. «S.tfMOCVDaicj;U8 
<bfe**SiflSffi 1 (DJi(c«*aB*4iT«Wcfl:**u*." 
«^Lfcfi<b«i*i i i -v»b***iW**6«:*fc 

aftit^Mtrntt 1 o<tcDisT-^ias^so/c^. rn.it 

1 l*a^»Htt**UTl^L^*0(D^^ 
B -tl=*b^tt#*{*«JI*l 1 0(D»BHtt(Dfc«*lRlA<. 

10 [0018] ^mmcomm i -e«sifc*77 -frsis 

-Cfc«R4btt*ff«Sfti fc**¥SM**li*1 o 
|=SEt^— xSSStf^o ccofctf). &»tt§flii!B£ 

^ 5 -f ?(7>l&{c^±^-£>> 5 v^^P^f- v fcf V 4f *«5I 
iv^l/XttCDlUt-Ctt* B»««12m^©»a»l=cfc 

y. saj^wcieHr^^^v^^^tf^^si** 
tay. A»ft»HB36^«&*tft^ofc6 

[OO 1 9] B2I4&&/1H/XL'— ifrCcfc^U— tfX<> 

5-f ^mowmrtB-c&s. 2 1 f*fflB/^^ l.— 

30 ift?— 2 4I4U— If fcf— Al3fegl, 2 5f4 

SHtt&ffi. 2 6(4S«<S»^iS«i*STfc^o iB«/<^ 

xu-+p§iji82 1 (4. ®L®mmfttfm&&m4*>T* 

fc£Cr*\ Ti 3+ , Cr 4+ ^, f±l>ft>^fc^Nd 

3+ ,Yb3 + , Ho3 + . Er3***"r*-HtMKIlT?fcy. 

y*«**t*. c(D*««so/^naai4*i om 

40 SVIi. sechKltfe^M-^i^lW- 

*!_ 

r o"o 2 6 j W£y*j\sXu—^mmm 2 1 ^ &s§s^ *t 

if x^ ^ -f ~?lzm Lfc/^xx*^ 

«a^^3bi±fc««iic «fe y ^/N 0 ;uxpt<D<i3feS-fijffi it 

3frj:or. ««/<;uxu— if*o>ffiBil*^HIft*« 
50 £^&-T£o **W(cJ4 % 0iJx.l4U>X^U>X||. V 
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x * (= * y «e* u m 7L tf»MEi= «t y lift 

U— 3 1 I*. U— 9 s t'-A*3t8t 2 4 ( = «b y 

y, *©x7Kv F-u--rx<Defii^iqn?©j£*<yffiatT?fe 

j»ffi»i«*****«2 4^©AI*1*--<X-0ft*.&. 
RfclMMUMMtC* fcft**MW*«Ji** & **WJH* 
£12 5 (i. 2 6 i=H*4*fCfc y „ 

«fe**»««*«|jtr a±(= <fc y v fltt/^x u 

^:?£fir5o 

[002 1] ?fel=» jgJS/^UXU— "t^©^^^ 

5-m»u— tfx^5-f ^«Ht(=-3^r»wr*. 
juxu— tfjtro^Hfeairroffis^ffl!*. ftlR^lftb© 
i^jMHWMlih. fcfatM--' f 

TftHf&StWSJKJtfMc&y. &£;SJ£J2LtT?m<b£ag 

^cxttSfifejutWFe tf— ^ftsift(=tt#-r** 
g#istp«3S:ias(=«fcyx^v-f ^t»*«. »jc"*"-c 

©iiffiifeSgiitl*. lfefe3S*. &ft* 9§S:iiT*A 
&4i«»ttttfl(K^:/^UXU— <fft<DHttl»nil::j:o-C 
ffcib^ JSl"* U— tf/^UX3fe-Ofe-5l5i:JlH 
•^CDHaffiife*<}fll*i|-t?^. £F*L<I41 O tfa8>«TT?fe 
So $fe<0^3fe^?Ri|XiaSI±. *©tf— {73fe3ft£l::8c?Ff 
SiJ^t?fe-So ■r^Tfe, ifiS/^XU- *f3t<DJ6fi(= 

««*»«-^#ttf. »H«»f»i»l=X* 5 -f Tattle* 

So ttfe/tyuXL/— t^attf^xa^WfcSSraa- 
**WLTU*ufS. *(D^jfe^lRfl5taSA<jE^y»-i)tf 

— ^*5tflEa>ffiB«i«©*x^5-f ^rmtfty. -« 

W'&mjtXTK-y hiJ-'CXSit e-2 IS^ffltSfclT© 

xu-if3fer=<fe-su— tfx^-f iftft£Sci=«fe-5 

Ii09SS±#i:J: S ^ ^ ^ ? tf >-9"©fc:UX-i7 
^-f :WRjfifef=# y . fro?iJIi*g|E2 5 

•cfc^tfss©^ e>-rffig©fls&c: u— tfx-^ 5W ^ 

[0 0 2 2] I3I*MS/^XL/- tf^WMttl-^-SU 

— tf 5 -f '^*ft<Dxa*3SfH-c* y , (a ) i±ffijs 

■Cfcy, 3 1 MI/^JWl/- tfpt^^So (b), 



(c), (d)©£3S©|l[*jg3g/U'XL/— - 9% 3 1 <DAM 

*fii«fcyafcas<*sffio¥®iaT?fcy. ***<*Hit: 

Sffi©A-ABf@Hl. fi^B-BBfSH-efe-So 3 2 
ItfiiS/^WI/- tfft3 1 ©AStHfcQU— IfX-J^-f 

3 4I4^S/^XU— tfpfe3 1 ©A*r®i:K^SiliJ 
© U—+fX ^ 7 -f S o 

[0023] mm./ixjiL>— tf*3 1 ajg&sis© 
<b**#swwwiltoi ofij«fcyfigst**ts. MS/-?;ux 
u-ifat3 1 (Dfe&mt&ymf-mibmm® i outfit 

^b^#i#«t*w@^i 1 o t Lxmfcmt-£M*mw-e& 

SG a N©Ji£\ ^j - gftfiiJ©?Rl|Xjffif43 6 O nmt?&y 

1*1 9 O nmT?fey rT^ ■ i£^5t(C*f LTlfflT?fe 
S. 

[0 0 2 4] H3 (b)T?l*. A-AffiiS^^t?X h^-f 

? 0 13 (o)-ei4(b)©x<7-7-i'>f|r*nx., •(b 

1 o©x h^-r^lc^tSig^Sr 
|o|l=s pS=J>5i-? hJi7 CI^*T5X^7<^3 2$ 

fr5o H3 (d)-pi4(c)©x^^>r ^{cJSin^.. ih-Ste* 
^ftmstii orox h^-f^asicSiS^iRK^ «bft« 

*S»SJlfe1 0©X h^W ^S|!!S6,lP|rnfljmM9^ 

s*H©^b«a^ssffi i icx^^-r^3 4jff3. x 

^ 7 -f ?®HttB 3 ( b ) *n P, ( d ) (=^A<J5CUNA^ ?>t© 
30 xfMt?fcS^I*Hl3©(d), (o), (b)©BII='>ft^ 

is^^xi/- tfpfe©s*x^-y hiigr-fey, e 

[0025]^7-f?3 2, 3 4l4ji^r-tt3SC<|^ 

^®jfeT?x^ ^ -f <t -sfc-r s <fc ^ ic-r s t t 

40 i\ @S/n°;uxu— ifits 1 ©^PbI^-Aj^x^ 

MS^;uu-f3t3 1 ©/\°;ux*II4 1 o tf 3g>felTT? 
fcSck^M^Ll^o 

[0026] fl:ft«¥«{t4ijitt 1 oommm^-rm 
i*. ibft4fe¥«{mji« 1 o©x \-?<fzf®ti&n-Qm 

3S/^UXU— 9 £ ©Bil>tlC < fcSX-j7^-f ^3 2, 34t? 

ffi?ifes. x^^-r^isft. iik^^^iuicR 

50 WSCiTBHL. fiftU-ifffljuSISI^it 
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£IM4#«Y T^V KX^ ^/*- *>£V-tf— fCcfc y X^ 7 

[0 0 2 7] (HJfi(D^2) *«0^<D|IS6O^ 

J60)»1B1 £H«fc<DT?. &T(DRW^f4lltS©fl2fKl 
<t *ft5fi»riroi\T (D^RMt ID 4 ttfltt/^UX 
u— - tf ft<DflB»tt=: j; £ l— if x^ ^ -f ^a>»llt*rB 
t?fc y . ( a ) (4jg&/\°;ux if ft<7>K»*ftl::*5 It4 
«JBt*:S«(D»rffiB"t?&y* 3 1 ttttJS/trUX L^— tfft 
-Cfc^o (b), (c), (d)a>ac4B0)B(*ttJE/^XL/— 
Ifft 3 1 (DAMXft £ y ftfc««f**«©™HT?* 
y. 4=**<aBf**«a>A-ABRSB. feffi7b<B-BBr 
®H-efc£ 0 3 2 ii^/\°^x if ft 3 1 ©A3*ffi«l 
ifx^^-f^. 3 3r±a«f*at«rtcDu--tfx^^ 20 
3 4[igg/^xb- if*3 1 (Dxmmt^m 

M<du— ifx>>^-f ttJS/^uxu— if ft 3 1 
(4. W«#»«0>itft*i|iJ»*K*l««fe9K»**t 

-So ffiis^^uxu— ifft3 1 (Dafti«b^»#sw*aji 

[0028] @4(b)T?lt A-A$r®£#<t?X h^-f 

ocdx h^-f :7»lcgm&;fri5iu:x$^-f ^tfruv b 
-BWOc);?i:iI/^XU- +Fft3 1 (DXmWt 30 
R»B"C**iWb**IS»attt1 CCXir^-f ^3 4-*fir 
do H4 (c)-T?[4(b)tf)X^-<:?3 2IC*D 

(c. HflsttJMtAMKl ni3>^ 
hJi3|crt«x*5* 73 3£frd«, a4(d)t?(l 

{c)(DX^7^f^IlK., fc*»*»{*«B«» 1 0<7>X 

h^-f ^«P(cSE^fi]^. if ft 3 1© 

AltItfe^i«i& B B Sfi1 l=X^>f :?3 2£*T 

5o X<77>r^(DSai4B4(b)^t > (d)fcS^3B:l> 40 

a*. *a>igtfe§gstta4fl)(d) 1 ( c ), (b)<DMi 

(D»»r=cfc*Ha/<;uxu--iffta>**x*^ hfig-e 
fey. st«i**t»"e*-&»ft**«s»»«n=»br 
(*. ^(D*ft^flxms^*sw^fte-"^ft3ajefi[a 

[0029] X^7-f?32, 3 3, 3 4 l4Jt«-CI*fi: 

<*a«"i?*«fc^. ss/^uxu— ifft3 1 <om 

ft*«*«ftT?X^^-f ^*lRl4:--»Tr*cfc3«c-r*fc 50 



*x^^^^*i«icl»n**LM*JE»fct-*ci-c. - 

mz*<7zr mm^x l ±mm<fa±x* # 

£o SfcjgS^UX U—ifft 3 1 (D/^UXffif* 1 O t: zi 

[0030] *b-&ifc¥#tMSH8g 1 oa>»Btt*^-rB 
(4. ib^te**i*SJg«3 1 0(7)x h 9 l«|-ctt 

I/^l/Xb- if^BBStlC.fcax^^-f ^3 2, 3 3. 3 

4fcSFfrT?fc*« x*^ tt1b**«MMMK 
ffliJicRffcm— ^— ^»«ssart, x^-f:?(::j&* 
c^BBL* ifa>ft;£«3§3n 
*#TA>o/<— tt(c»SJ-r* 0 ^<7>&. B^LftlM&Mb 
&«3*«»SH«ai ocdx h94>:/&Tfra#n(::* a 

* L < ItftCDmfe' ^X If ftCOKS^f (C Jc^X^^-f 

£t«tt u— tf st^ s# «-r * o 
[oo3i] immomm 3 ) *«n(Dftifea>» 
meiz^xmrn^r^o *mffi(»i&M3itm*mzi£n 

1fft(DBSS*«=<fc*U— ifx^^-f ^a>^ft*^-rB 

t? fe y % ( a ) i£M&/ ^ux u— if ft omm-jjfa iz 

aSt*S«0>BrBB^fey. 3 1 ttgS/^XU- -tfft 
-Cfe-So (b), (c)<D3E«a>Bf*SS/^UXU— tfft3 

i<DX«*rti*yji*:ajifM*fl!>¥BB-e*y. 

*«B{Mt«©A-A»fBB. *i3S7b<B-Bif@IiI-r?fe 
£0 3 2f4ffi&/U>XU—1fft3 1 (DAStBffill^— tfx 
3 3 (4mM*S«rt0) U— ifX^^^3f. 3 
4f£jg&/^UX if ft 3 1 ©A»ffiiE»Bfll<OU- 

ifx^^^^fc-So MS/N°;uxu-ifft3 n* % «g 
ft««<Dil1b«i*«AS« 1 ®J£ y BB»**t*o ^S/^ 
;UXU— if ft 3 1 <D»*l*<bdtt*»tt»«tt 1 0^<i: 
^4btem«SSS« 1 (c»LTSBj7ijKfi^fe^ 0 

[0 0 3 2] B5(b)Tf(4. 4b«tti¥«(«RJItt1 OO 
X h^-f ^SP(cSie?S*lSllCX^^-f ?Sftt\ A-A 
BrBB*5«fctfB-BBfBBcO«fc5Jc % R4b«iVt3IXfi 

1W777I2, n|3>^ h@3lCP^S|5X^^-r 
^33^tT5o H5(c)T?(4, (b)COX^^-f ^[ZjbD 

fL. \t&^mvmm*to^ o^x h^^f ^HMft» 
Wzl ~mM' Oux u— ^tfft 3 r 1 ^XMffl-e *¥M?b¥* 
(cx^^-f ^3 2*ffd. x^*f :?a>p D qiC 
liB5(b)t(d l=«3ft«* t^<. SfeOXgt? fe «»R| (4 

150(c) (D^^ft i^a -<*mm pimt w-mfto 

X^7 5 -f ^BHf «c & lcmMttS«ti*ia>X>7 ^ -f ^«Bf 
(4. «B#»«a)»»(c«fciiH«/<;uxu--if*(D** 
x*^ h&a-e&y. sisi*tt^t?fc*SMb«3*ssss 
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i c t -eft 5 o 

[0033]^7-f^3 2, 33, 3 4 ttXiTettft 

*^iti3ttx^ ^ -< i -s-r « cfc 5 ic-r « £ 

»£LA>o BJB/^l/- if3fe3 1fl>fflim$M|j 

« kx ^ 5 -f ^-c # l £.mm<fo±-x* # 

[0 0 3 4] fc*4mMHM*i 1 0(D»Hitt*3S-rH 10 
S/UUXU— if©!H»(=ck*X^5-f 3f3 2, 3 3, 3 

|fti££**Sc:£-T?§SIJHU if 0>#;£«Sffi 

* L < I±5feO>fiS^^UX \y— tfHtOmttlZ kZ^V^ot 

[O 0 3 5] 

^ltjIbj^^S^MS/^ux +f*£8gst Lxmm 
f*Sffilcu— ifx^-<:?£frl\ ifx^^-f 30 

— if X *9-f:7l=<fcft*^V*-¥>^fc?:/ ?m<DXKkG> 

[BBamtttKni 

[B1] (a) l**«8B<D*tfi<D»«8l . 2, 3l=fil+ 
(b) I£*%H<D3kft0>JBtt 1 . 2. 3(CfcIf^SB<* 40 

[B2] #«na>sitta»»tti . 2, 3{cfi«+^eis/^ 
;ux u— if (c j; « u— if x £ 5 -f :?3£«a>«B&fl*J«B 



[13] #*W<DS81lsa>»BH=fiH'*(iJS/<;uxu— 
if TfecD^lt (c £ -5 u— if X ^ ^ *< :?;£>£a>x$i£^ L . 

(b) . (c) , (d) (i¥@Hfccfct/A-AK®llfe 
if*a>Hlt(c ** u— if x^ ^ -f :/;fr&cDxi£i£ « l. 

(a) [*SJH*S«©Bf®B 

(b) , (c) , (d) l*3FHB*5cfctfA-ABrBBfc 

[05] *«wa>S06©»«3(=fiit*ffl)s/^uxu- 
if 7fc(7>*s*f (z cfc -5 U—if X ^ -f ^a^lg*^ L % 

(a) f4mMi*S«<Dir®0 

(b) , (c) [*3pBBfc«fclM-A»rHBJ3«fctfB- 

[B6] (a) , (b) , (c) , (d) l*fl£*«lCfi 
It -6 Lx— if X^ 7 yjj&(DJim&^ik^¥-mfr(D 

mmm 

1 mmm&Mi&m 

2 /iyprM 

3 nUrj hH 

4 nB>7^KI 

5 sttn 

6 pS^^^KH 

7 P a=i>** m 

8 p fi(J«& 

9 n mmm 

I o {b*tt44MtiXJItt 

II x h^-f 

1 2 x h^-f ^J&ttfcTfrfcJfrlRl 

2 1 gfi/lrt/X u— if ^§ffii§ 
2 2 /^i*;i/*-WS 

23 ift*— ASE^S 

24 i^-ife-A**s« 

2 5 ffiB&gffi! 

2 6 S««J#^ift«i« 

3 1 gg/^xb- if A 

3 2 ®S/^UXU---if3 , cC0A»®WU---ifX^^<^ 
3 3 »Jii*»«rt<DL/— tfX^5-f ^ 
3 4 ffiJS/^X ifpt(7)A»®^JS»®ffl0U-if 
X^-f J 
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